M
ales have been short-changed in the X chromosome department: they only get one copy of the chromosome and the genes that it carries, whereas females get two. Differences in gene dose often translate into differences in protein levels, potentially putting males at a disadvantage compared with their sisters. Female placental and marsupial mammals inactivate one of their two X chromosomes, effectively silencing gene expression from the inactive X and seemingly putting themselves at the same disadvantage as their brothers. In PNAS, Pessia et al. (1) show that female X chromosome inactivation (XCI) is not in fact an act of solidarity by females but rather a result of the evolutionary tug of war over gene expression and sex chromosome dosage compensation that occurs between the sexes on the X chromosome.
Not all genes are dosage-sensitive (2). However, the potential for problems related to reduced gene dose amplifies as the sex chromosomes diverge and the gene content of the Y chromosome deteriorates (3), leaving progressively more and more of the X chromosome present in only one copy in males. Ohno was the first to propose that selection would act in males to increase expression of X-linked genes to compensate for reduced gene dosage, restoring expression to levels observed before the origin of male monosomy (4). Ohno also suggested that XCI in females is a consequence of selection in males for dosage compensation. This is because gene expression levels are highly correlated between males and females, and selection for hyperexpression of the single male X would also cause overexpression of the two X chromosomes in females. For dosage-sensitive genes, overexpression in one sex is likely to be as harmful as underexpression in the other, setting up a battle between the sexes over optimal transcription levels. XCI resolves this conflict by effectively reducing gene dose in females as well, thereby aligning selection in both sexes to hypertranscribe X-linked genes ( Fig. 1 ).
Ohno's hypothesis (4) predicts that X-linked genes will be expressed in both males and females at a level normally observed for genes present in two copies (i.e., autosomal genes), as this represents the ancestral state of affairs for these loci before sex chromosome divergence caused gene dose imbalance. If Ohno was wrong and XCI is a mechanism of solidarity simply to balance gene dose of the X between the sexes regardless of the ancestral expression levels, then X-linked genes will be expressed on average less than genes on autosomes.
A recent surge of papers has revealed that dosage compensation varies a great deal and that many animals compensate only a minority of genes on the sex chromosomes (5-8). There is an unresolved controversy at the moment regarding the efficacy of X chromosome dosage compensation in therian mammals (9-11), but regardless of the debate, genes on the therian X chromosome show a range of dosage compensation as well. This range suggests that selection for dosage compensation varies greatly across loci on the sex chromosomes. By choosing a subset of mammalian genes known to be dosage-sensitive (2, 12), Pessia et al. (1) exploit this variance to test the requirements of Ohno's hypothesis. They find that dosage-sensitive X-linked genes are indeed expressed in both sexes at similar levels to loci on the autosomes. In contrast, the remainder of genes on the X chromosome seem not to be hypertranscribed and therefore are expressed less than the autosomal average, presumably because reduced gene dose in males and XCI in females has not been accompanied with selection for hypertranscription at these sites.
A B C Fig. 1 . Sexual conflict over X chromosome transcription and the evolution of XCI. The single copy of the X chromosome in males results in selection to hypertranscribe dosage-sensitive X-linked genes (A), which balances out the X and autosomes in males but results in overtranscription of X-linked genes in females (B). In both A and B, males (blue) and females (red) have distinctly different transcriptional optima. This sexual conflict is resolved by XCI, which equalizes effective gene dose and realigns optimal transcription levels for both sexes (C).
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Pessia et al. (1), therefore, have not only refined the predictions regarding the evolution of sex chromosome dosage compensation in therian mammals but (arguably more importantly) revealed the extensive sexual conflict over dosage compensation on the X chromosome (13) . Sex chromosome divergence and gene loss on the Y results in a battle between males and females over optimal transcription levels. XCI represents the armistice ending this battle, because it realigns effective gene dose between the sexes, thereby resolving their conflict over optimal transcription rates. The strength of sexual conflict over gene dose and transcription could go a long way to explaining the variation in dosage compensation observed, where different genes and even species are placed along a continuum with large differences in gene dose effects at one end and complete dosage compensation at the other end.
Selection for sex chromosome dosage compensation is therefore a delicate balancing act between male and female optimal expression levels, which are expected to vary among different types of For dosage-sensitive genes, overexpression in one sex is likely to be as harmful as underexpression in the other.
genes (2, 14) and different developmental stages (15) and across tissues (16, 17) . Variation in the relative strength of male-versus female-specific selection plays an essential part in determining the outcome of this conflict as does the intensity of sexual selection. Additionally, this conflict has the potential to interact with the degeneration of the Y chromosome, theoretically halting the loss of certain genes where dosage is important and potentially arresting sex chromosome divergence. Despite acknowledging the role of this conflict, the early stages of sex chromosome divergence and dosage compensation evolution are still difficult to envisage. X chromosome monosomy in males can have severely deleterious consequences if just a few dosage-sensitive genes are affected. How these fitness costs are managed without hypertranscription simultaneously occurring with the loss of dosagesensitive Y chromosome genes remains a mystery. Stay tuned for additional developments. 
